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RESEARCH ACTIVITIES DURING THE REPORTING PERIOD 

This i s  the semi-annual s t a t u s  r e p o r t  under G r a n t  No. NsG-525 

covering t h e  pe r iod  from 1 October 1965 t o  31  March 1966. 

The c a l c u l a t i o n s  of t h e  FW c u r r e n t  response of a c y l i n d r i c a l  

probe t o  a normally i n c i d e n t  plane plasma wave have been completed 

f o r  t h e  case of f requencies  above, b u t  near t o ,  t h e  plasma frequency. 

A computer program has  been set  up which g ives  t h e  amplitude of t h e  

i n c i d e n t  e lectr ic  f i e l d  as a funct ion of t h e  amplitude of the c o l -  

l e c t e d  RE' c u r r e n t ,  t h e  frequency of t h e  inc iden t  wave, t h e  e l e c t r o n  

temperature and d e n s i t y  i n  t h e  unperturbed plasma, and probe r a d i u s  

and p o t e n t i a l .  Of those input  parameters,  t he  probe rad ius  and po- 

t e n t i a l  a r e  c o n t r o l l e d  by the experimenter,  and t h e  RF c u r r e n t  ampli- 

tude and frequency are obtained from t h e  probe. The ambient e l e c t r o n  

d e n s i t y  and temperature can be measured simultaneously e i t h e r  wi th  

t h e  same probe o r  wi th  a d i f f e r e n t  one mounted on the  same instrument 

package. The theory inc ludes  the  e f f e c t  of Landau damping. Therefore,  

t h e  Landau damping cons t an t  can a l s o  be obtained from t h e  d a t a  on using 

t h e  equat ion der ived by us .  The knowledge of t h i s  cons t an t  i s  of in -  

terest because it i n d i c a t e s  t h e  dev ia t ion  of t h e  e l e c t r o n  v e l o c i t y  

d i s t r i b u t i o n  from t h e  Maxwell ian.  A sample c a l c u l a t i o n  of t h e  RF cur-  

r e n t  response t o  an i n c i d e n t  plasma wave f o r  t y p i c a l  F-region para-  

m e t e r s  has been performed, and the  s i g n a l  t o  noise  r a t i o  was found t o  

be of the order  10 t o  1. A paper r epor t ing  t h e  above mentioned work 

h a s  been accepted f o r  p re sen ta t ion  t o  t h e  URSI Spring Meeting i n  
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Washington, D.C. In  a d d i t i o n  a paper based on t h i s  work w i l l  be sub- 

m i t t e d  s h o r t l y  t o  t h e  Journa l  of Applied Physics .  Work i s  i n  progress  

a t  the p r e s e n t  t i m e  t o  extend the theory  t o  waves of a r b i t r a r y  f re-  

quency. 

Work on t h e  theory  of t h e  Langmuir probe has  proceeded along two 

l i n e s ,  a )  an a n a l y s i s  of probe theory i n  the absence of a magnetic 

f i e ld  fol lowing the approach of Bernstein and Rabinowitz and b) an 

i n v e s t i g a t i o n  of t h e  effect  of the  magnetic f i e l d  on t h e  volt-ampere 

1 

c h a r a c t e r i s t i c s  of c y l i n d r i c a l  probes and on t h e  dens i ty  and p o t e n t i a l  

d i s t r i b u t i o n s  i n  t h e  d i s tu rbed  region. In  the f i r s t  of the two above 

mentioned cases (no magnetic f i e l d )  the c l a s s i c a l  Langmuir theory  is 

being extended by us ing  more general  p o t e n t i a l  d i s t r i b u t i o n s  i n  the 

shea th  region and thereby  e l imina t ing  t h e  d i s c o n t i n u i t y  i n  t h e  electric 

f i e l d  a t  t h e  shea th  edge which i s  inhe ren t  i n  Langmuir's theory.  The 

volt-ampere r e l a t i o n s  have been obta ined  i n  c losed  form f o r  a poten- 

t i a l  d i s t r i b u t i o n  der ived  by Laframboise and Se l f  Work i s  i n  pro- 2 3 

g r e s s  on the d e r i v a t i o n  of expressions f o r  t h e  d e n s i t y  and p o t e n t i a l  

d i s t r i b u t i o n  i n  t h e  d i s tu rbed  region. I n  t h e  second i n v e s t i g a t i o n  

t h e  effect  on t h e  probe c h a r a c t e r i s t i c s  of a t i m e  independent uniform 

magnetic f i e l d  p a r a l l e l  t o  t h e  cy l inder  axis is  being s tud ied .  In  t h e  

d i s t u r b e d  region around t h e  probe the p a r t i c l e s  move under t h e  i n f l u -  

ence of c rossed  e lec t r ic  and magnetic f i e l d s .  S ince  t h e  e lectr ic  

f i e l d  i s  r a d i a l ,  t h e  charged p a r t i c l e s  a r e  s u b j e c t  t o  a r o t a t i o n a l  

d r i f t  motion. I n  t h a t  case t h e  logarithm of t h e  e q u i l i b r i u m  d i s t r i -  

b u t i o n  func t ion  is  a l i n e a r  combination of the energy and genera l ized  
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angular  momentum of the p a r t i c l e s ,  as explained,  for  example, by Landau 

and L i f s h i t z  . The c o e f f i c i e n t s  of t h i s  l i n e a r  combination are func- 

t i o n s  of t h e  angular  v e l o c i t y  a s soc ia t ed  with the r o t a t i o n a l  d r i f t  

motion. A t  t h e  p r e s e n t  t i m e  work is  i n  progress  t o  eva lua te  those 

c o e f f i c i e n t s ,  s i n c e  they  determine t h e  e l e c t r o n  d i s t r i b u t i o n  func t ion  

i n  the d i s tu rbed  region surrounding the probe. 

4 

Work on t h e  eva lua t ion  of d i f f e r e n t  Langmuir probe d a t a  reduct ion  

techniques i s  cont inuing.  One method which i s  being considered uses  

t h e  probe volt-ampere curve and its d e r i v a t i v e  with r e spec t  t o  t h e  

vol tage .  The temperature is  obtained i f  i n  t h e  "retarded" region the 

c h a r a c t e r i s t i c  func t ion  i s  divided by i t s  d e r i v a t i v e .  The product of 

func t ion  and i ts  d e r i v a t i v e  i n  the  "acce lera ted"  region provides  t h e  

d e n s i t y  information.  A s tudy  i s  under way t o  eva lua te  the requi re -  

ments of  a system t o  permit  d a t a  reduct ion  i n  t h i s  manner. A bread- 

board system has  been b u i l t  which uses  experimental  volt-ampere curves 

obta ined  during previous f l i g h t s .  The r e s u l t s  of t h i s  s tudy  w i l l  be 

publ i shed  as a Un ive r s i ty  of Michigan Technical Report. 

Work h a s  been s t a r t e d  t o  obta in  a s o l u t i o n  of t h e  c o n t i n u i t y  

equa t ion  f o r  e l e c t r o n s  i n  t h e  F2 region cons ider ing  varying e l e c t r o n  

and ion  temperatures .  This work i s  s t i l l  i n  i t s  e a r l y  s t a g e s  and w i l l  

be r epor t ed  a t  some l a t e r  t i m e .  

The reduct ion of the Langmuir probe d a t a  from NASA 11.03 w a s  com- 

p l e t e d  i n  t h i s  r e p o r t i n g  pe r iod .  The e l e c t r o n  temperature and d e n s i t y  

r e s u l t s  from t h i s  f l i g h t  a s  w e l l  as t h e  ones from an e a r l i e r  f l i g h t  

(NASA 8 . 2 0 )  w e r e  used t o  s tudy  the  night t ime hea t ing  mechanism i n  t h e  

-3- 



ionosphere. We used numerical solutions of the steady state heat 

equation where the local heat source is one of the input parameters, 

and the electron and ion temperatures are calculated. The following 

possible heat sources were considered: (a) heat conducted down from 

the protonosphere, (b) electrons of kilovolt energies and (c) soft 

electrons of a few eV energy. A comparison of the calculated with 

the measured electron temperature profiles indicates that conduction 

was the most likely major heat source on these two occasions. These 

results will be presented at the COSPAR International Space Science 

Symposium to be held in Vienna. 

The ion trap assembly with its associated electronics package is 

complete and ready for delivery to G.C.A. Corporation to be integrated 

into the Nike Apache 14-272 payload. Due to the postponement of the 

Puerto Rico operation, it is now planned to be launched from Wallops 

Island on July 20. 
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